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(57) ABSTRACT 

An engine controller controls an actuator for selectively 
executing spark-ignited combustion and compression-ignited 
combustion of an internal combustion engine in accordance 
with an engine operational state. The controller is comprises 
of a deterioration recognition section for recognizing a dete 
rioration state of the engine or the actuator during the spark 
ignited combustion. The engine controller is configured to 
change at least one of a Switching condition between the 
spark-ignited combustion and compression-ignited combus 
tion and an operational condition for the compression-ignited 
combustion, during the spark-ignited combustion, in accor 
dance with the deterioration state of the engine or the actuator 
recognized by the deterioration recognition section. 

6 Claims, 8 Drawing Sheets 
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ENGINE CONTROLLER 

CLAIM OF PRIORITY 

The present application claims priority from Japanese 
application serial no. 2006-070141, filed on Mar. 15, 2006, 
the contents of which are hereby incorporated by references 
into this application. 

BACKGROUND OF THE INVENTION 

The present invention relates to a controller for an internal 
combustion engine executing spark-ignited combustion and 
pre-mixed compression-ignited combustion. More specifi 
cally, the invention relates to a technical matter intended for 
stabilization of compression-ignited combustion even when 
an engine or an actuator becomes a deterioration condition. 

In an internal combustion engine which basically performs 
spark-ignited combustion, a method in which a part of the 
engine operation area adopts compression-ignited combus 
tion system instead of spark-ignited combustion system is 
known. This method makes it possible to reduce NOx emis 
sions and highly efficiently operate the engine. It is expected 
to optimally control the compression-ignited combustion so 
as to provide a stable compression-ignited combustion opera 
tion over a wide operation range. 

According to the description of JP-A No. 82229/2001 or 
JP-A No. 108218/2003, it is effective for the compression 
ignited combustion to control the combustion by means of a 
mass of internal EGR (fuel injection during a negative valve 
overlap period) using a variable valve mechanism for an inlet 
valve and outlet valve of an engine cylinder or by means of a 
multiple injection. 

In the compression-ignited combustion, there is no physi 
cal ignition equipment such as spark plug and the piston 
compression allows a pre-mixed mixture to self-ignite. The 
control over ignition timing or the like requires accurate fuel 
injection control or valve timing control. When an actuator 
for the fuel injection system or the variable valve becomes 
deteriorated, the compression-ignited combustion is subject 
to large variations between cylinders or cycles. The stable 
compression-ignited combustion becomes unavailable. 

There is a need for a solution of implementing the stable 
compression-ignited combustion even when the actuators 
become deteriorated. According to the technology described 
in JP-A No. 108218/2004, for example, in order to improve 
the compression-ignited combustion, the negative valve over 
lap period or the fuel injection quantity during the negative 
valve overlap period is changed in accordance with a peak 
value or a peak timing of a cylinder pressure in the compres 
Sion-ignited combustion. In this manner, the pressure peak 
value or the pressure peak timing can be controlled to an 
appropriate value even when the actuator for the engine or the 
fuel injection system becomes deterirated. 
The technology described in the patent document performs 

combustion control by using combustion control means Such 
as the variable valve mechanism and the fuel injection quan 
tity based on a combustion state recognized during the com 
pression-ignited combustion. However, when the deteriora 
tion of the engine or its actuators become in remarkable 
advanced stage, such combustion control can be not enough 
good any more to the deterioration, as a result, temporary 
knocking or misfire may occur before or during the compres 
sion ignition control. 
On the other hand, when the multiple injection controls 

stabilization of the compression-ignited combustion, the 
applicants experimentally confirmed that a low load area and 
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2 
a high load area must use one-time fuel injection equivalent to 
approximately a Minimunm Reliable fuel injection quantity 
(the minimum fuel injection quantity ensuring stable injec 
tion for the fuel injection system) of the fuel injection system. 
Even when normal injection pulse width correction is per 
formed for a deteriorated fuel injection system, these opera 
tion areas may not be able to use a specified fuel injection 
quantity according to the minimum reliable injected quantity. 
The above-mentioned patent documents give no consider 
ation to these problems and make no mention of a technique 
of detecting the fuel injection system deterioration or a spe 
cific technique of controlling the deterioration detection (rec 
ognition). 

SUMMARY OF THE INVENTION 

The present invention has been made in consideration of 
the foregoing. It is therefore an object of the present invention 
to realize stable compression-ignited combustion in as wide 
an operation range as possible despite deterioration of an 
actuator for an internal combustion engine or a fuel injection 
system or despite characteristic deterioration Such as tempo 
rary deterioration due to deposit adhesion. 

In order to solve the above-mentioned problem, an engine 
controller according to the invention basically has the follow 
ing Subject matter. The engine controller is to control an 
actuator for selectively executing compression-ignited com 
bustion and spark-ignited combustion of an internal combus 
tion engine in accordance with conditions of the engine. The 
controller is provided with a deterioration recognition section 
for recognizing a deterioration state of the engine or the 
actuator during the spark-ignited combustion. The engine 
controller further configured to change at least one of a 
Switching condition between the spark-ignited combustion 
and compression-ignited combustion and the operational 
condition for the compression-ignited combustion, during the 
spark-ignited combustion, in accordance with the deteriora 
tion state of the engine or the actuator recognized by the 
deterioration recognition section. 

According to such an arrangement, the engine controller 
can recognize the deterioration state of the engine or the 
actuator mounted to the engine during spark-ignited combus 
tion. The controller can change the condition for Switching to 
the compression-ignited combustion or the operational con 
dition for the compression-ignited combustion during spark 
ignited combustion in advance. Even when the engine or the 
actuator becomes deteriorated, the controller can ensure an 
optimal compression ignition range corresponding to the 
deterioration state or Switch to an optimal compression igni 
tion condition before the compression-ignited combustion is 
done. It is possible to realize stable compression-ignited com 
bustion without knocking or misfire and a variation between 
cycles. The actuator deterioration includes not only chrono 
logical deterioration, but also a temporary variation (deterio 
ration) Such as deposit adhesion to the injector. 
An example of a secondary matter associated with the 

above-mentioned subject matter is as follows. The actuator is 
at least one of a fuel injection device Such as a fuel injection 
valve for directly or indirectly injecting fuel into a combus 
tion chamber, a variable valve mechanism for changing at 
least one of an inlet valve timing, an outlet valve timing, and 
a valve lift amount for an engine cylinder; a throttle valve for 
controlling an intake air flow rate; a swirl control valve for 
controlling an intake airflow; and a tumble control valve. The 
deterioration recognition section uses a signal from at least 
one of an air-fuel ratio sensor, an O sensor, a cylinder pres 
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Sure sensor, an ion current sensor, an engine speed sensor, a 
vibration sensor, and an air flow sensor. 
The variable valve mechanism can change or control at 

least a mass of internal EGR or an effective compression ratio 
by controlling timings of the inlet valve or the outlet valve or 
valve lift amounts thereof. 

According to such an arrangement, the engine controller 
can individually or concurrently recognize deterioration 
states of the fuel injection device, the variable valve mecha 
nism, the throttle valve, the swirl control valve, and the 
tumble control valve as actuators that directly affect air-fuel 
mixture states (for example, a fuel injection quantity, an 
intake airflow rate, a mass of internal EGR, and a combustion 
chamber's inside flow) in the combustion chamber. It is pos 
sible to accurately recognize a change of in-combustion 
chamber air-fuel mixture state that greatly affects the com 
pression-ignited combustion. Accordingly optimal control as 
to the compression-ignited combustion and the spark-ignited 
combustion can be provided in accordance with the change in 
the air-fuel mixture state. 
An example of the other secondary matter associated with 

the above-mentioned subject matter is as follows. The dete 
rioration recognition section is configured to recognize (de 
tect) the deterioration state of the engine or the actuator 
mounted to the engine when the engine is idling. 

According to such an arrangement, the engine controller 
can reliably recognize deterioration states of the engine or the 
actuator through idling because the idling is done almost 
without exception every driving the engine. 
An example of the other secondary matter associated with 

the above-mentioned subject matter is as follows. The opera 
tional condition for the compression-ignited combustion is 
changed by at least one of a fuel injection condition, a variable 
valve mechanism condition, an intake throttle condition, a 
swirl control valve condition, and a tumble control valve 
condition. 

According Such an arrangement, the engine controller can 
appropriately control an air-fuel mixture in the combustion 
chamber even when the engine or the actuator deteriorates. As 
a result, a stable compression ignition operation is available. 
An example of the other secondary matter associated with 

the above-mentioned subject matter is as follows. The opera 
tional condition for the compression-ignited combustion is a 
minimum reliable fuel injection quantity for the injection 
valve; and the engine controller is further configured to cor 
rect the minimum reliable fuel injection quantity in accor 
dance with a deterioration state of the fuel injection valve and 
to inhibit said compression-ignited combustion in a part of a 
compression ignition range: the part where a fuel injection 
quantity becomes Smaller than the corrected minimum reli 
able fuel injection quantity. 

According to such an arrangement, the engine controller 
can determine a compression ignition range based on a dete 
rioration state of the fuel injection device, especially on a 
minimum reliable injection quantity of the fuel injection 
device under a deterioration condition. The compression 
ignited combustion is inhibited only in compression ignition 
partial range determined to be incapable of a stable fuel 
injection. As a result, the compression-ignited combustion 
can be performed in as wide an operation area as possible 
even when the fuel injection device becomes deteriorated. 

In further another aspect of the engine controller according 
to the invention, an actuator to be recognized whether dete 
rioration occurs is a fuel injection valve, and the engine con 
troller is further configured to correct the minimum reliable 
fuel injection quantity inaccordance with a deterioration state 
of the fuel injection valve. In addition, the engine controller 
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4 
changes a fuel injection quantity executed during the com 
pression-ignited combustion in a part of a compression igni 
tion range when the fuel injection quantity becomes Smaller 
than the corrected minimum reliable fuel injection quantity in 
the part of the compression ignition range. 

According to such an arrangement, the engine controller 
can change the fuel injection quantity for the compression 
ignited combustion in accordance with the deterioration state 
of the fuel injection valve, especially on the minimum reliable 
injection quantity of the fuel injection valve under the dete 
rioration condition. A stable fuel injection can be realized 
when the fuel injection device becomes deteriorated. As a 
result, the compression ignition combustion can be stably 
performed without reducing the compression ignition range. 

In further another aspect of the engine controller according 
to the invention, fuel injection valve is a direct injection type 
which injects fuel into an engine cylinder directly and that is 
controlled so as to inject fuel at least once during a negative 
valve overlap where both of an inlet valve and outlet valve of 
said engine cylinder are closed together for executing internal 
EGR in a combustion chamber of the engine cylinder. 
Wherein, when the fuel injection quantity during the negative 
valve overlap is increased or decreased by controlling the fuel 
injection quantity, the engine controller decreases or 
increases a mass of internal EGR or an effective compression 
ratio by controlling a variable valve mechanism for the inlet 
valve and outlet valve of the engine cylinder. 

According to such an arrangement, the engine controller 
can change not only the injection quantity for the compres 
Sion-ignited combustion, but also the valve timing or the 
valve lift quantity based on the deterioration state of the fuel 
injection device, especially on the minimum reliable injection 
quantity of the fuel injection valve under its deterioration 
condition. The valve timing or the valve lift quantity can be 
used to correct a change in the compression-ignited combus 
tion state due to a change in the injection quantity. Even when 
the fuel injection device deteriorates, the compression-ig 
nited combustion can be performed highly efficiently and 
stably without reducing a compression ignition range or mini 
mizing the reduction. If the fuel injection quantity is 
increased by controlling the fuel injection quantity during the 
negative valve overlap, the fuel radicalization may be stimu 
lated to excessively increase the ignitability of the air-fuel 
mixture. To solve this problem, the variable valve mechanism 
for the inlet valve and outlet valve is controlled to decrease the 
mass of internal EGR. Alternatively, an effective compression 
ratio is decreased to decrease the temperature in the combus 
tion chamber. In this manner, the ignition timing is optimized. 
On the other hand, if the fuel injection quantity is decreased 
by controlling the fuel injection quantity during the negative 
valve overlap, the fuel radicalization may become inactive to 
degrade the ignitability of the air-fuel mixture. To solve this 
problem, the variable valve mechanism is controlled to 
increase the mass of internal EGR. Alternatively, an effective 
compression ratio is increased to increase the temperature in 
the combustion chamber. In this manner, the ignitability of 
the air-fuel mixture is improved. 

In further another aspect of the engine controller according 
to the invention, the deterioration recognition section is pro 
vided for each cylinder. A minimum reliable injected quantity 
of the fuel injection device is corrected for each cylinder. The 
injection quantity is controlled for each cylinder. 

According to such an arrangement, the engine controller 
can change the injection quantity for each cylinder during the 
compression-ignited combustion based on a deterioration 
state of the fuel injection valve for each cylinder, especially 
on a minimum reliable injected quantity from the fuel injec 
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tion device under a deteriorated condition. It is possible to 
improve combustion variations between cylinders. 

In further another aspect of the engine controller according 
to the invention, when the aforementioned Switching condi 
tion or the operational condition is changed in accordance 
with the recognized deterioration state, a Switching operation 
for the compression-ignited combustion is disabled for all 
engine operation area until Such condition-changing is com 
pleted. 

According to such an arrangement, the engine controller 
inhibits the compression-ignited combustion until recogniz 
ing the deterioration state and Subsequently determining the 
compression ignition range or changing the operational con 
dition for the compression-ignited combustion. Thereby it is 
possible to prevent knocking or misfire during the compres 
Sion-ignited combustion and realize a stable compression 
ignition operation. 

In further another aspect of the engine controller according 
to the invention, a system for the fuel injection valve includes 
a characteristic storing section for pre-storing an individual 
injection characteristic by itself; and the aforementioned 
deterioration recognition section uses individual injection 
characteristic information stored in the characteristic storing 
section as a reference value for the deterioration recognition. 
To be more specific, the fuel injection device itself includes 

a characteristic storing section for prestoring an individual 
injection characteristic. The deterioration recognition section 
further uses individual injection characteristic information 
stored in the characteristic storing means. 

According to such an arrangement, the engine controller 
can allow the fuel injection device to store injection charac 
teristics of individual new products, for example. It is possible 
to more accurately detect a deterioration state in consider 
ation for manufacturing variations or individual variations in 
the fuel injection device. 
AS has been discussed, the engine controller according to 

the invention recognizes the deterioration state of the engine 
or the actuator Such as a fuel injection device during spark 
ignited combustion. Based on the deterioration state, the con 
troller determines a compression ignition range. Alterna 
tively, the controller changes a fuel injection quantity based 
on the deterioration state and corrects a combustion state 
change due to that change by controlling a valve timing or the 
like. In this manner, the controller can realize a stable com 
pression ignition operation even when the engine or the actua 
tor Such as the fuel injection device degrades. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an engine system construction diagram showing 
an engine controller according to a first embodiment of the 
invention; 

FIG. 2 exemplifies lift curve characteristics of variable 
inlet and outlet valves for the engine controller in FIG. 1; 

FIG.3 exemplifies a fuel injection control technique for the 
engine controller in FIG. 1, in which FIG. 3A shows relation 
ship between an opening-closing operation of the variable 
inlet valve and outlet valve in each cylinder and plural fuel 
injection timings (multiple injection times), and FIG. 3B 
shows relationship between the first fuel injection quantity 
and the compression ignition timing; 

FIG. 4 exemplifies injection characteristics when an injec 
tor for the engine controller in FIG. 1 degrades; 

FIG. 5 is a control flowchart for the engine controller in 
FIG. 1: 
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6 
FIG. 6 shows compression-ignited combustion range when 

a small degree of deterioration is detected in the injector for 
the engine controller in FIG. 1; 

FIG.7 shows compression-ignited combustion range when 
a large degree of deterioration is detected in the injector for 
the engine controller in FIG. 1; 

FIG. 8 is an engine system construction diagram showing 
an engine controller according to a second embodiment of the 
invention; 

FIG. 9 is a control flowchart for the engine controller in 
FIG. 8: 

FIG. 10 shows compression-ignited combustion states of a 
high load area when deterioration is detected in the injector of 
the engine controller in FIG. 8 and fuel injection control and 
variable valve control are provided, in which FIG. 10A shows 
a combustion state for a new injector, FIG. 10B shows a 
combustion state for a degraded injector, FIG. 10C shows a 
case of changing only a fuel injection quantity in the State of 
FIG.10B, and FIG. 10D shows a case where the fuel injection 
quantity and the valve timing are changed in the state of FIG. 
10B in accordance with the flowchart in FIG. 9 to resolve 
unstable combustion in FIG. 10B and a knocking phenom 
enon in FIG. 10C; and 

FIG. 11 shows compression-ignited combustion states of a 
low load area when deterioration is detected in the injector of 
the engine controller in FIG. 8 and fuel injection control and 
variable valve control are provided, in which FIG. 11A shows 
a combustion state for a new injector, FIG. 11B shows a 
combustion state for a degraded injector, FIG. 11C shows a 
case of changing only a fuel injection quantity in the State of 
FIG. 11B, and FIG. 11D shows a case where the fuel injection 
quantity and the valve timing are changed in the state of FIG. 
11B in accordance with the flowchart in FIG. 9 to resolve 
unstable combustion in FIG. 11B and inefficient combustion 
in FIG. 11C. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiments of a control apparatus for an internal com 
bustion engine according to the invention will be described in 
further detail with reference to the accompanying drawings. 

FIG. 1 shows a system of the engine controller to a first 
embodiment of the present invention. The internal combus 
tion engine 13 is a multi-cylinder type engine. The multi 
cylinder engine 13 is capable of executing combustion in two 
modes, i.e., spark-ignited combustion using a spark ignitor 
and compression-ignited combustion allowing an air-fuel 
mixture to self-ignite by means of piston compression. The 
multi-cylinder engine 13 is capable of a highly efficient 
operation in the compression-ignited combustion mode up to 
half a full load in terms of an engine torque or in an engine 
operation area of approximately 1000 to 3000 revolutions in 
terms of an engine speed. In the multi-cylinder engine 13, the 
spark-ignited combustion is usually executed in engine 
operation load areas including an idling state other than the 
above-mentioned engine operation load area. 
A pressure sensor 6 is provided at a cylinder block or a 

cylinder head of each cylinder of the multi-cylinder engine 
13. In the engine system, an air-fuel ratio sensor 12 for sens 
ing an air-fuel ratio in an exhaust pipe, an airflow sensor 7 for 
sensing an air flow rate in an air intake passage, a throttle 
device 8 for controlling an air flow rate to be fed into the 
engine, an intake port 9 for the engine, a fuel injection valve 
(hereafter referred to as an injector) 10 for each cylinder of the 
engine, and a engine speed sensor 14 are provided. Basically, 
the injector 10 is a direct injection type injector capable of 
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directly injecting fuel into a combustion chamber 11 for each 
cylinder. The throttle device 8 is preferably comprised of an 
electronically controlled type throttle device in which a 
throttle valve is actuated by an electric actuator Such a motor. 
The engine 13 is also provided with variable valve mecha- 5 
nisms. 15a and 15b for inlet valves (not shown) on the intake 
side and outlet valves (not shown) on the exhaust side of the 
multi-cylinders. An engine control unit (hereafter its called 
as an ECU for short) 1 as a controller 1 takes in various 
information to recognize engine operating states and a user's 10 
intention, Such as a vehicle speed Vs, a brake signal Sb, an 
accelerator opening C, and a transmission gear ratio (gear 
position) Mp. The ECU 1 also takes into various other infor 
mation representing engine operation states as a air-fuel ratio 
A/F, an intake air flow rate Qa, an engine intake air tempera- 15 
ture Tin, an engine exhaust gas temperature Tex, an engine 
cooling water temperature Tw, a cylinder pressure Pi, an 
engine speed Ne, and anthrottle opening 0 tp. The ECU (con 
troller) 1 recognizes the engine operational conditions and 
decides control states of the engine 1. The ECU 1 also is 20 
provided with at least a section 2 for recognizing deterioration 
of each injector (hereafter the section 2 is also called as an 
injector deterioration recognition section or deterioration rec 
ognition section) and a section 3 for determining a compres 
Sion-ignited operation range for each cylinder of the engine 25 
(hereafter the section 3 is also called as a compression igni 
tion range determining section or condition determining sec 
tion). 

The injector deterioration recognition section 2 recognizes 
an injector deterioration state of the engine for each cylinder 30 
based on air-fuel ratio A/F intake airflow rate Qa, and engine 
speed Ne etc. The resulting recognition is output to the com 
pression-ignited range determining section 3. 

In the ECU 1, the sections 2 and 3 perform various calcu 
lations based on output values from the above-mentioned 35 
sensors. In accordance with the calculation results, the ECU 1 
realizes a preferable compression-ignited operation (combus 
tion) range when the injector is in deteriorated condition. The 
injector 10 injects a specified amount of fuel in accordance 
with a target engine torque calculated based on the throttle 40 
valve opening signal 0tp and accelerator opening signal C. 
The variable valve mechanisms 15a and 15b are capable of 
changing timings and valve lift amounts of eachinlet valve on 
the intake side and each outlet valve on the exhaust side, 
respectively, by means of a hydraulic pressure or motor cur- 45 
rent control in accordance with operational conditions of the 
engine, so that optimum controlled mounts of the valve tim 
ings and valve lifts are obtained. 

FIG. 2 exemplifies lift curve characteristics of the variable 
valve mechanism 15a and 15b used for the embodiment. As 50 
shown in FIG. 2, the variable valve mechanisms. 15a and 15b 
of the embodiment control the valve lift amount and the 
working angle of each inlet valve and each outlet valve, 
respectively. In this manner, each of the variable valve mecha 
nisms. 15a and 15b varies a time period for trapping the 55 
exhaust gas in the cylinder (hereafter referred to as a negative 
valve overlap time period) to continuously control a mass of 
internal EGR. 

In this case, it may be preferable to provide an electromag 
netically driven valve individually every each cylinder to 60 
continuously vary the negative valve overlap time period 
every for each cylinder. However, according to Such an 
arrangement, as increasing the number of cylinders for a 
multicylinder engine, the costs of them greatly increase. In 
consideration of the above-mentioned problem of the costs, 65 
the present embodiment provides another arrangement which 
is an apparatus comprised of an inexpensive mechanism that 
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can variably control the valve lift quantities and the working 
angles of the respective inlet valves and outlet valves for all 
cylinders simultaneously. The arrangement can continuously 
vary the negative valve overlap quantity in accordance with 
operational conditions and achieve the object of the inven 
tion. The following description is based on this arrangement. 

FIG. 3A and FIG. 3B show an example of a fuel injection 
control technique according to the present embodiment. FIG. 
3A shows a relationship between an opening-closing opera 
tion of the variable inlet valve and outlet valve in each cylin 
der and plural fuel injection timings (multiple injection 
times). FIG. 3B shows a relationship between the first fuel 
injection quantity and the compression ignition timing. Since 
the embodiment uses the direct injection device, it is possible 
to freely control air-fuel mixture states by variably injection 
timing in accordance with operational conditions of the 
engine. As shown in FIG.3A, the fuel injection is divided into 
more than once. The first injection uses a technique of inject 
ing fuel during a negative valve overlap time period to radi 
calize part of the fuel. The negative valve overlap time period 
is used for the compression ignition, and which is a time 
period where both the inlet valve and the outlet valve are 
closed between an exhaust stroke and an intake stroke, and in 
the time period, internal EGR, in which trapped burnt gas and 
the first injected fuel are mixed in the cylinder, is carried out. 
Incidentally, in this embodiment, as shown in FIG. 3A, the 
second injection is executed at the compression stroke, and 
compression ignition occurs near compression TDC (top 
dead center). An injection rate is varied for each cylinder to 
Suppress combustion variations between cylinders. As shown 
in FIG.3B, as increasing the first injection rate with the total 
fuel injection quantity unchanged, the radicalization of the 
fuel is promoted, so that the compression ignition timing 
advances. 

FIG. 4 exemplifies injection characteristic changes when 
the injector became deteriorated. Compared to the injector in 
“new”, the deteriorated injector indicates a changed (de 
creased) injection quantity by (Qidle-Qidle") for fuel injection 
pulse width Tidle during idling; and Minimunm Reliable fuel 
injection quantity Qmin' (corresponding to Minimunm Reli 
able fuel injection pulse width Tmin') for the deteriorated 
injector increases compared to Minimunm Reliable fuel 
injection quantity Qmin (corresponding to Minimunm Reli 
able fuel injection pulse width Tmin) for the injector in 
“new”. The increased Minimunm Reliable fuel injection 
quantity due to deterioration greatly affects the compression 
ignited combustion that is requires the accurate fuel injection 
control as mentioned above. Therefore, the compression igni 
tion operation needs a countermeasure against the injector 
deterioration. 
The following specifically describes a control method for 

the engine controller according to the embodiment. 
FIG. 5 shows a control flowchart for the ECU (controller) 

1 ranging from recognition of injector deterioration to deter 
mination of a compression ignition operating range. At Step 
501s, the ECU 1 determines whether or not a compression 
ignition operating permission flag is turned on. The compres 
sion ignition operating permission flag determines whether or 
not a compression ignition operation is permitted currently. 
Turning on this flag permits the engine to perform the com 
pression ignition operation. When the engine starts, the com 
pression ignition operating permission flag is off. When this 
flag is on, the ECU 1 already has finished the deterioration 
recognition and the determination of a compression ignition 
range. In this time, the ECU 1 terminates this control flow 
without performing the deterioration recognition. When the 
compression ignition operating permission flag is off, the 
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ECU 1 proceeds to Step 502s. At Step 502s, the ECU 1 reads 
engine operating States such as engine speed Ne and accel 
erator opening C., and proceeds to Step 503s. Based on infor 
mation read at Step 502s, the ECU 1 determines at Step 503s 
whether or not the engine 13 is idling. When it is determined 
at Step 503s that the engine 13 is idling, the ECU 1 reads 
outputs from the air-fuel ratio sensor 12, the speed sensor 14, 
and the air flow sensor 7 at Step 504s. At Step 505s, based on 
the information read at Step 504s, the ECU 1 calculates a 
current injection quantity (hereafter referred to as Qidle') per 
cycle. At Step 506s, the ECU 1 calculates a difference (here 
after referred to as A Qidle) between calculated Qidle' and an 
injection quantity for the injector in “new” (this injection 
quantity is hereafter referred to as Qidle). At Step 507s, based 
on A Qidle, the ECU 1 estimates a change (hereafter referred 
to as AQmin) for the injector's Minimunm Reliable injected 
quantity. At Step 508s, the ECU 1 adds the estimated A Qmin 
to a Minimunm Reliable injected quantity for the injector in 
“new” (hereafter referred to as Qmin) and estimates a Min 
imunm Reliable injected quantity (hereafter referred to as 
Qmin') to be defined newly. The process for recognizing the 
injector's deterioration states terminates at this step. Inciden 
tally, when the above-mentioned recognition (diagnosis) for 
the deterioration of the injector is executed, if using injection 
characteristic information pre-stored for individual injectors 
in “new” as injection information Qidle and Qmin, it is pos 
sible to diagnose the deterioration in consideration for the 
unevenness on individual products of the injectors. 

The ECU1 proceeds to steps of determining a compression 
ignition operating range based on the result of recognizing the 
injector deterioration state. At Step 509s, the ECU 1 deter 
mines whether or not there is a change in the injector's Min 
imunm Reliable fuel injection quantity (AQmind0). When it 
is determined at Step 509s that the Minimunm Reliable fuel 
injection quantity changes, the ECU1 proceeds to Step 510s. 
At Step 510s, the ECU 1 compares Qmin' estimated at Step 
508s with the first injection quantity (hereafter referred to as 
Q ) for the negative valve overlap operation and with the 
second injection quantity (hereafter referred to as Q: 2) for 
the compression stroke in a given compression ignition oper 
ating range (i,j), wherein i is the engine torque and j is the 
engine speed. Specifically, the ECU 1 determines whether or 
not Q, or Q, 2 is Smaller than Q, (Q, (Qin, O 
Q, ,<Q,'). At Step 511s, the ECU 1 inhibits compression 
ignition operation in the compression ignition operating 
range (i,j) where Q, , or Q, 2 is assumed to be smaller than 
Q," at Step 501s. That is, in this time, the ECU 1 determines 
to perform the spark ignition operation instead of the com 
pression ignition operation. The ECU 1 repeats the above 
mentioned calculation for all compression ignition operating 
ranges to determine a final compression ignition range. 
The ECU 1 determines the compression ignition operation 

range from Steps 509s to 511s and proceeds to Step 512s. At 
Step 512s, the ECU 1 turns on the compression ignition 
operating permission flag. Until this control is provided, the 
ECU 1 does not perform the compression ignition operation 
but performs the spark ignition operation in all the operation 
range. This makes it possible to prevent temporary knocking 
or misfire during the compression ignition operation before 
this control is provided. 

The embodiment estimates Qmin' by using air-fuel ratio 
A/F, intake air flow rate Qa, and engine speed Ne during 
idling. Further, it may be preferable to estimate Minimunm 
Reliable fuel injection quantity Q, for injector deteriora 
tion based on a variation rate of mean effective pressure (COV 
of IMEP) according to the drawing indication calculated from 
the cylinder pressure during idling. 
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FIG. 6 exemplifies change of a compression ignition opera 

tion range with the injector deterioration when the above 
mentioned control is provided. In order to avoid knocking due 
to a rapid pressure increase, the fuel injection rate (the quan 
tity of the first injection) during the negative valve overlap is 
decreased at a high load side of the compression ignition 
range with the total fuel injection quantity unchanged. The 
ignition timing is delayed at the top dead center or later to 
moderate a pressure increase. Accordingly, the fuel injection 
quantity during the negative valve overlap approximates to 
Qmin. 
On the other hand, a low load side of the compression 

ignition range promotes the ignition to stabilize the combus 
tion. In this case, the fuel injection rate (the quantity: the first 
injection) during the negative valve overlap increases. But, in 
this case, since the total fuel injection quantity is originally 
Small, the fuel injection quantity also approximates to Qmin 
for the injection during the negative valve overlap or later. 

It can be understood that the injector deterioration espe 
cially affects the high and low load sides of the compression 
ignition range. As shown in FIG. 6, when the Minimunm 
Reliable fuel injection quantity is Qmin' for the deterioration 
of the injector, the compression ignition operation is inhibited 
and instead the spark ignition operation is performed in high 
load area (A) and low load area (a) where the fuel injection 
becomes below Qmin'. 

FIG. 7 exemplifies change of the compression ignition 
operation range when the injector further degrades. The Min 
imunm Reliable fuel injection quantity further increases to be 
Qmin". The compression ignition operation is inhibited and 
instead the spark ignition operation is performed in not only 
high load area (A) and low load area (a), but also high load 
area (B) and low load area (b) where the compression ignition 
operation is allowed in FIG. 6. 
The embodiment reduces the compression ignition range 

step-by-step in accordance with the progress of the injector 
deterioration. 
The above-mentioned controller recognizes the injector 

deterioration state during the spark-ignited combustion and 
predetermines a compression ignition range based on the 
deterioration result. This enables a stable compression igni 
tion operation without causing knocking or misfire even when 
the injector becomes deteriorated. While there has been 
described the example of the injector deterioration state, the 
deterioration recognition based on the result of comparison 
between initial information in “new” and information with 
the deterioration is also applicable to the other actuators 
instead of the injector. Deterioration states according to this 
application are applicable not only to deterioration with time 
(deterioration due to a product life), but also to recoverable 
deterioration (including a temporary change or error in the 
performance or characteristics) such as temporary clogging 
of the injector due to deposit adhesion. 

FIG. 8 shows a second embodiment of the invention in 
terms of an engine system arrangement diagram when a result 
recognized by the injector deterioration recognition section 2 
is output to compression ignition condition setting section 
including fuel injection condition setting section 4 and vari 
able valve condition section 5. The fuel injection condition 
setting section 4 changes an injection quantity (fuel injection 
rate) based on a deterioration recognized by the injector dete 
rioration recognition section 2. The variable valve mecha 
nism condition setting section 5 accordingly changes valve 
timings or valve lift quantities of the inlet valve and the outlet 
valve in each cylinder of the engine. 
The following specifically describes a control method for 

the engine controller according to the embodiment. 
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FIG.9 shows a control flowchart for the ECU (controller) 
1 from recognition of injector deterioration to injection rate 
control and variable valve control. Steps 901s to 908s of 
detecting the injector deterioration (estimating Qmin') are the 
same as the equivalent in the first embodiment. 
At Step 909s, the ECU 1 determines whether or not there is 

a change in the Minimunm Reliable fuel injection quantity for 
the injector. When it is determined at Step 909s that the 
Minimunm Reliable fuel injection quantity changes, the ECU 
1 proceeds to Step 910s. At Step 910s, the ECU 1 compares 
Qmin' estimated at Step 908s with the first injection quantity 
(hereafter referred to as Q, ) for the negative valve overlap 
and with the second injection quantity (hereafter referred to 
as Q, 2) for the compression stroke process in a given com 
pression ignition range (i,j). Specifically, the ECU 1 deter 
mines whether or not Q, or Q, , is smaller than Qmin' 
(Q, ,<Qmin' or Q, 2<Qmin'). When it is determined at Step 
910s that Q, , or Q, , is smaller than Qmin', the ECU 1 
determines whether or not the operation area (i,j) is a low load 
area. When it is determined at Step 911s that the operation 
area (i,j) is a high load area, the ECU1 proceeds to Step 912s. 
At Step 912s, the ECU 1 changes the fuel injection rate. For 
example, increasing Q, to Qmin' enables stable fuel injec 
tion. As shown in FIG. 3B, however, increasing Q, 
advances the compression ignition timing and forces a pres 
Sure increase rate to exceed an acceptable value, causing a 
problem of knock vibration or noise. To solve this problem, at 
Step 913S, the ECU 1 delays the timing for closing the inlet 
valve and decreases the effective compression ratio. This 
decreases the temperature in the cylinder, delays the ignition 
timing, and moderates an increase in the pressure. Though not 
shown at Step 913s, the embodiment may delay the ignition 
timing by delaying the timing for closing the outlet valve and 
decreasing the mass of internal EGR. When it is determined at 
Step 911s that the operation area (i,j) is a low load area, the 
ECU 1 proceeds to Step 914s. At Step 914s, the ECU 1 
changes the fuel injection rate. In the low load area, since the 
total injector quantity is originally Small, increasing Qmin 
may disable the two-time injection itself. To enable the stable 
fuel injection, for example, Q, is set to 0 and the entire fuel 
is injected at the first injection. As mentioned above, changing 
the fuel injection rate advances the ignition timing and dis 
ables the optimum ignition timing. The thermal efficiency and 
the combustion stability degrade. As a solution, at Step 915s, 
the ECU 1 delays the timing for closing the outlet valve and 
decreases the mass of internal EGR to decrease the tempera 
ture in the cylinder. This enables an optimal ignition timing 
and ensures the thermal efficiency and the combustion stabil 
ity. At Step 915s, though not shown in the flowchart according 
to the embodiment, the ECU 1 may set Q, to 0 to inject the 
entire fuel at the second injection and ensure the stable fuel 
injection. At Step 916s, the ECU 1 may advance the timing for 
closing the outlet valve and increase the mass of internal EGR 
to cancel the compression ignition timing delay due to the 
change. The ECU1 repeats the above-mentioned calculation 
for all compression ignition range and proceeds to Step 916s. 
The compression ignition enabling flag turns on to complete 
the sequence of the control steps. 

FIG. 10 exemplifies compression-ignited combustion 
states of the high load area in accordance with the fuel injec 
tion quantity change method and the variable valve mecha 
nism control method described so far after the injector dete 
rioration recognition. As shown in FIG. 10A, the injector in 
“new” is capable of stable combustion. When the injector 
deteriorates as shown in FIG. 10B, unstabled fuel injection 
increases a variation between combustion cycles, disabling a 
stable compression ignition operation. FIG. 10C is an 
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example of changing only the fuel injection quantity when the 
injector deteriorates. Changing the fuel injection quantity 
stabilizes the fuel injection. However, the injection quantity 
increases during the negative valve overlap time period and 
the ignition timing advances to cause knocking. FIG. 10D 
shows a combustion state after changing the fuel injection 
quantity and the valve timing as shown in FIG. 9. The timing 
for closing the inlet valve is delayed to decrease the effective 
compression ratio and decrease the temperature in the cylin 
der being compressed. This cancels the effect of advancing 
the compression ignition timing due to a fuel injection quan 
tity change and ensures an optimal ignition timing. Accord 
ingly, a stable compression ignition operation becomes avail 
able even when the injector degrades. 

FIG. 11 exemplifies combustion states of the low load area 
in accordance with the fuel injection quantity change method 
and the variable valve control method described so far after 
the injector deterioration recognition. As shown in FIG. 11A, 
a injector in “new” is capable of executing stable combustion. 
When the injector deteriorates as shown in FIG. 11B, simi 
larly to the high load area, unstabled fuel injection increases 
a variation between combustion cycles, disabling a stable 
compression ignition operation. FIG. 11C is an example of 
changing only the fuel injection quantity when the injector 
degrades. Changing the fuel injection quantity stabilizes the 
fuel injection. However, the fuel injection quantity increases 
during the negative valve overlap period and the ignition 
timing occurs too early, disabling a highly efficient operation. 
FIG. 11D shows a combustion state after changing the fuel 
injection quantity and the valve timing as shown in FIG. 9. 
The timing for closing the outlet valve is delayed to decrease 
the mass of internal EGR and decrease the temperature in the 
cylinder being compressed. This cancels the effect of advanc 
ing the ignition timing due to a fuel injection quantity change 
and ensures an optimal ignition timing. Accordingly, a highly 
efficient compression ignition operation becomes available 
even when the injector deteriorates. 
As mentioned above, the embodiment first changes the fuel 

injection rate upon recognition (detection) of the injector 
deterioration and then controls the variable valve to correct a 
combustion state variation due to that change. It is possible to 
realize a highly efficient and stable compression ignition 
operation without reducing the compression ignition range 
even when the injector deteriorates. 
As the first embodiment, it has been described the control 

means for reducing the compression ignition range when the 
injector deteriorates. As the second embodiment, it has been 
described the control means for changing operational condi 
tions including the fuel injection condition and the variable 
valve condition for the compression-ignited combustion. It is 
also possible to reduce the compression ignition range or 
change operational conditions depending on the injector's 
deterioration states. The fuel injection quantity correction can 
causea swirl flow oratumble flow to be controlled for the fuel 
injection condition, the Swirl control valve condition, or the 
tumble control valve condition. When these flows increase, it 
is also possible to control the temperature in the combustion 
chamber and the compression ignition by making the com 
bustion stratified or lean, adjusting intake throttle conditions, 
or controlling the Succeeding conditions. Any of the above 
mentioned operational conditions and a combination of these 
can contribute to the control over the compression combus 
tion. 

What is claimed is: 

1. An engine controller which controls an actuator for 
selectively executing spark-ignited combustion and compres 
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Sion-ignited combustion of an internal combustion engine in 
accordance with an engine operational state, comprising: 

a deterioration recognition section for recognizing a dete 
rioration state of said engine or said actuator during said 
spark-ignited combustion, 

wherein said engine controller is configured to reduce an 
operational range for executing said compression-ig 
nited combustion, during said spark-ignited combus 
tion, in accordance with said deterioration state of said 
engine or said actuator recognized by said deterioration 10 
recognition section. 

2. The engine controller according to claim 1, 
wherein the deterioration recognition section uses a signal 

from at least one of an air-fuel ratio sensor, an O sensor, 
a cylinder pressure sensor, an ion current sensor, an 15 
engine speed sensor, a vibration sensor, and an air flow 
sensor in said engine to recognize said deterioration 
State. 

3. The engine controller according to claim 1, 
wherein said deterioration recognition section is config- 20 

ured to execute recognition for said deterioration state of 
said engine or said actuator when said engine is idling. 

4. The engine controller according to any one of claim 1, 
wherein said deterioration recognition section recognizes 

said deterioration state when the engine controller starts 
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and spark-ignited combustion is available before initia 
tion of compression ignition. 

5. The engine controller according to claim 1, 
wherein said actuator is a fuel injection valve; said opera 

tional condition for said compression-ignited combus 
tion is a minimum reliable fuel injection quantity of said 
injection valve; and said engine controller is further 
configured to correct said minimum reliable fuel injec 
tion quantity in accordance with a deterioration state of 
said fuel injection valve and to inhibit said compression 
ignited combustion in a part of a compression ignition 
range: the part where a fuel injection quantity becomes 
smaller than said corrected minimum reliable fuel injec 
tion quantity. 

6. The engine controller according to claim 1 
wherein a system for said fuel injection valve includes a 

characteristic storing section for pre-storing an indi 
vidual injection characteristic by itself; and 

wherein said deterioration recognition section uses indi 
vidual injection characteristic information stored in said 
characteristic storing section as a reference value for 
said deterioration recognition. 


